Diversity of heavy metal resistant bacteria in the sediments of SWIR hydrothermal vent fields and classfication of a novel species Gallaecimonas xiamenensis resistant against copper by 段雪












Diversity of heavy metal resistant bacteria in the sediments 
of  SWIR hydrothermal vent fields and classfication of a novel 
species Gallaecimonas xiamenensis resistant against copper 
指导教师姓名： 邵宗泽 教授 
专 业 名 称： 生物化学与分子生物学 
论文提交日期： 2010 年 7 月 





















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：             





















（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 





声明人（签名）：        

















1 前言 .........................................................................................................................1 
1.1  重金属污染以及微生物对重金属的抗性和解毒机理.......................................1 
1.1.1 海洋重金属的污染情况............................................................. 1 
1.1.2 微生物对重金属的抗性与解毒 .................................................. 3 
1.1.3 胞外吸附、沉淀 ............................................................... ........ 3 
1.1.4 胞内累积 ............................................................... .................. 3 
1.1.5 微生物对重金属的转化作用 ...................................................... 3 
1.1.6 排出系统对重金属的作用 ......................................................... 4 
1.2 细菌的分类与鉴定 ..............................................................................................6 
1.2.1 脂肪酸在细菌鉴定中的应用 ....................................................  7 
1.2.2  DNA 碱基比例 ............................................................... ......  7 
1.2.3  DNA-DNA 杂交 ............................................................... ....... 8              
1.2.4  16SrRNA 序列分析 ............................................................... 8 
1.3 黑色素的理化性质与作用......................................................................................9 
1.3.1 黑色素的分类 ............................................................... ........... 9 
1.3.2 黑色素的合成 ............................................................... ......... 10 
1.3.3 黑色素的理化性质以及功能 .................................................... 11 















2 材料与方法 .......................................................................................... 15 
2.1 材料.......................................................................................................................15 
2.1.1 样品 ............................................................... ....................... 15 
2.1.2 试剂盒 ............................................................... ................... 16 
2.1.3 工具酶 ............................................................... ................... 16 
2.1.4 主要试剂 ............................................................... ................ 16 
2.1.5 主要仪器 ............................................................... ................ 16 
2.1.6 引物 ............................................................... ....................... 17 
2.1.7 分析软件 ............................................................... ................ 17 
2.1.8 常用溶液和培养基 ............................................................... .. 18 
2.2 基本方法............................................................... .................... 20 
2.3 深海重金属抗性菌的富集、分离和鉴定............................................................23 
2.3.1 样品中重金属元素的检测 ....................................................... 23 
2.3.2 海洋重金属抗性菌的富集，及单菌分离鉴定 ............................ 23 
2.4 海洋重金属抗性菌 3-C-1(1A01354)的鉴定和铜抗性分析................................23 
2.4.1 培养基 ............................................................... ................... 23 
2.4.2 菌落形态观察 ............................................................... ......... 24 
2.4.3 16S rRNA 基因序列 PCR 扩增与分析 ..................................... 24 
2.4.4 生理生化指标测定 ............................................................... .. 24 
2.4.5 G+C mol%含量的测定 ............................................................ 24 
2.4.6 菌株脂肪酸成分的分析........................................................... 25 














2.4.8 ICP-MS 分析沉淀中的铜含量 .................................................. 27 
2.4.9 黑色素的提取 [51] ............................................................... ..... 28 
3 结果与讨论 .........................................................................................................29 
3.1 深海重金属抗性菌的富集、分离鉴定................................................................29 
3.1.1 样品中重金属含量的检测 ....................................................... 29 
3.1.2 结果与分析 ............................................................... ............ 31 
3.1.3 站点中可培养菌株 16S rDNA 鉴定及其系统发育树的构建 ........ 32 
3.1.4 可培养细菌基于 16S rRNA 基因的系统发育分析 .................... 35 
3.1.5 讨论 ............................................................... ....................... 39 
3.2 一株海洋重金属抗性菌 3-C-1 的鉴定 ...............................................................39 
3.2.1 菌株的分离 ............................................................... ............ 40 
3.2.2 表型分析 ............................................................... ................ 40 
3.2.3 16S rDNA 基因序列分析 ......................................................... 41 
3.2.4 最适生长条件 ............................................................... ......... 43 
3.2.5 抗生素敏感性 ............................................................... ......... 43 
3.2.6 碳源利用范围 ............................................................... ......... 43 
3.2.7 其他生理生化特征 ............................................................... ... 43 
3.2.8 脂肪酸组成分析 ............................................................... ...... 44 
3.2.9 新种的描述 ............................................................... ............ 45 
3.3  1A01354 铜抗性机制的初探.............................................................................46 
3.3.1  3-C-1（1A01354）耐受各种重金属的浓度 ............................ 46 














3.3.3  3-C-1（1A01354）在含铜培养基中的生长曲线 ..................... 51 
3.3.4  ICP-MS 测定铜含量 ............................................................. 52 
3.3.5  黑色素沉积铜的研究 ............................................................ 53 
3.4 讨论........................................................................................................................54 
4 小结和展望 .......................................................................................... 56 
参考文献 ............................................................... ....................... 57 





























1.1  Heavy metal contaminant and microorganisms resistance to heavy metals .1 
1.1.1  Heavy metal contaminant in marine ···························································· 1 
1.1.2  Microorganisms resistance and detoxification to heavy metals······························· 3 
1.1.3  Surface sequestration··················································································· 3 
1.1.4  Accumulation invivo ··················································································· 3 
1.1.5  Transformation ···························································································· 3 
1.1.6  Efflux system ······························································································ 4 
1.2  Identification and classification of bacteria......................................................6 
1.2.1  Application of fatty acid analysis in the identification of bacteria ··············· 7 
1.2.2  G+C content analysis··················································································· 7 
1.2.3  DNA-DNA hybridization ············································································ 8 
1.2.4  16SrRNA sequence comparison ·································································· 8 
1.3  The Characteristics and effect of melanin........................................................9 
1.3.1  Classification of melanin·························································································· 9 
1.3.2  Synthesis of melanin ······························································································ 10 
1.3.3  The Characteristics and effect of melanin······························································ 11 
1.3.4  Melanin and metal ions ············································································· 11 
1.4  Purpose and significance of this research.......................................................13 














2.1 Materials ...............................................................................................................15 
2.1.1  Samples ····································································································· 15 
2.1.2  Kids ······································································································· 16 
2.1.3  Enzynmes ·································································································· 16 
2.1.4  Reagents ···································································································· 16 
2.1.5  Apparatus ·································································································· 16 
2.1.6  Primers ······································································································ 17 
2.1.7  Analysis softs ···························································································· 17 
2.1.8  Solution and media···················································································· 18 
2.2  Basic methods....................................................................................................20 
2.3  Isolation and classification of heavy metal resistant bacteria in the deep sea 
sediments...........................................................................................................23 
2.3.1  Heavy metal determination in samples ······················································ 23 
2.3.2  Enrichment of heavy metal resistant consortia ·········································· 23 
2.4  Identification of strain 3-C-1 and research of the mechanism by strain for 
its copper resistance...................................................................................................23 
2.4.1  Media ······································································································· 23 
2.4.2  Colony characteristic ················································································· 24 
2.4.3  16S rRNA gene identification ··································································· 24 
2.4.4  Biochemical and physiological characteristics ·········································· 24 
2.4.5  G+C mol% content···················································································· 24 
2.4.6  Analysis of Cellular fatty acid composition··············································· 25 
2.4.7  Copper concentrations determination by BCA method······························ 26 
2.4.8  Copper concentrations determination by ICP-MS ····································· 27 
2.4.9  Extraction of melanin ················································································ 28 
3 Results and discussion .....................................................................................29 














3.1.1  Heavy metal concetrations determination·················································· 29 
3.1.2  Results and analysis··················································································· 31 
3.1.3  Isolations in different consortia ································································· 32 
3.1.4  Phylogenetic analysis of isolations based on 16S rRNA gene ··················· 35 
3.1.5  Discussion ································································································· 39 
3.2  Isolation and identification of marine bacteria resistant to heavy metals...39 
3.2.1  Isolation of strain 3-C-1············································································· 40 
3.2.2  Colony characteristic ················································································· 40 
3.2.3  16S rRNA gene identification and phylogenetic analysis ·························· 41 
3.2.4  Grown conditions ······················································································ 43 
3.2.5  Antibiotics ································································································· 43 
3.2.6  Carbon source···························································································· 43 
3.2.7  Biochemical and physiological characteristics ·········································· 43 
3.2.8  Analysis of Cellular fatty acid composition··············································· 44 
3.2.9  Description of novel species······································································ 45 
3.3  Research of the Copper resistance mechanism by strain 3-C-1 ...................46 
3.3.1  The MIC of strain 3-C-1 to metal ions······················································· 46 
3.3.2  Characteristics of melanin produced by strain3-C-1·································· 49 
3.3.3  Growth curve of 3-C-1 in presence of different copper concentrations ····· 51 
3.3.4  Copper concentrations determination by ICP-MS ····································· 52 
3.3.5  Copper acumulation by melanin ································································ 53 
3.4  Discussion ..........................................................................................................54 


























了得到了 51 株可培养细菌，分属于 24 个属 39 个种。系统发育树表明，它们分
别属于 5 大类，变形菌纲 γ亚纲占绝对优势（48%），其余四类占较小的比例，
分别是变形菌纲 α亚纲(14%)，放线菌门 Actinobacteria（18%），厚壁菌门
Firmicutes 占(12%)和拟杆菌门 Bacteroidetes 占(8%)。所分离到的可培养菌中，
除了少数种属如 Halomonas 、Idiomarina 外，大部分属都只在个别站点（1 或 2
个）中分离到，且多数属只包含 1 个种 1 株菌，说明站点间的差异性比较大，种
属多样性十分丰富。 
此外，还从厦门近海表层海水分离到了一株细菌，经过 16S rRNA 基因序列
的系统发育分析，生理生化特性的比较，脂肪酸成分的分析及 G+Cmol%的测
定，确定该菌株为Gallecimonas 属的一个新种Gallecimonas xiamenensis 3-C-1。
菌株 3-C-1 对多种重金属都有抗性，能耐受高浓度的锰，镍，铜，并在铜的诱导
下产生黑色素。黑色素与铜离子的结合可以增强菌株的抗性，在含有 1 毫摩硫酸


















The persistent heavy metal contaminants are widespread in environment, and 
endanger human health and ecosystem safety. Resistance to heavy metal 
concentrations can be achieved by a variety of mechanisms in microorganisms. 
Almost all types of microorganisms can be found in marine environment. For the 
survival in high salinity, high pressure, low-temperature, low-nutrition, scarcity of 
light and other such extreme environmental conditions, they have developed special 
physiological and genetic characteristics. Our study aimed at analyzing the diversity 
of the heavy metal resistant bacteria in deep sea, finding bacteria can resist and 
remove heavy metal, and elucidating the different mechanisms. 
In this report, the diversity of heavy metal resistance bacteria in the deep sea 
sediments was analyzed. The sampling site was on the southwest Indian Ridge 
(SWIR). After enrichment with four kinds of metal(1mMCuSO4, 1mMZnSO4, 
1mMCdSO4, 0.5MmK2Cr2O7), total of 51 strains were isolated from five consortia. 
They were identified to be 24 genera and 39 species by their 16S rDNA sequences. 
The phylogenetic tree placed these isolates in five major groups: α and γ 
Proteobacteria, Actinobacteria , Bacteroidetes and Flavobacteria. Gamma subclasses 
of Proteobacteria were confirmed as the major group in the communities(48%). Most 
of the genera can only find in one or two consortia except Halomonas and 
Idiomarina. 
In addition, a novel Gram-negative bacterium was isolated from coastal sea water 
of Xiamen Island. The analyses of 16S rRNA gene sequence, DNA base composition 
and whole-cell fatty acid profile revealed that the isolate is a member of the genus 
Gallecimonas. The isolate which named Gallecimonas xiamenensis 3-C-1 sp. nov. 
was proposed. The strain 3-C-1 is resistant to many kinds of heavy metals. It can 
produce melanin in the presence of copper. The melanin can combine copper ions 















strain 3-C-1 can remove 83% of copper when grown in LB medium with 1mM Cu2+. 
The bacteria can use melanin for self protection, and it may be a new mechanism for 
heavy metal resistance. 


















1.1  重金属污染以及微生物对重金属的抗性和解毒机理 
1.1.1 海洋重金属的污染情况  
随着科技进步工业发展，人们的生活环境受到了各种污染的破坏，作为环境
质量的一项重要指标，重金属污染一直是世界普遍存在的问题。重金属有两种定












3000 多吨。此外，含汞的矿渣和矿浆，也将一部分汞释入海洋。自从 1924 年开
始使用四乙基铅作为汽油抗爆剂以来，大气中铅的浓度急速地增高。通过大气输
送的铅是污染海洋的重要途径，经气溶胶带入开阔大洋中的铅、锌、镉、汞和硒

















表 1-1 重金属对海洋的污染状况 


















Ag 10 0.07 12 3 河流 Ⅱ 
As 39 0.7 37 85 倾废 Ⅲ 
Cd 17 10 1.1 6.2 河流大气 Ⅲ 
Co 22 0.7 15 3.7 河流 Ⅰ 
Cr 2800 20 240 22 河流 Ⅰ 
Cu 6000 250 250 22 倾废河流 Ⅱ 
Hg 10 3.2 3.5 26 河流大气 Ⅳ 
Ni 600 300 170 246 河流 Ⅰ 
Pb 3000 300 150 0.4 大气河流 Ⅳ 
Se 1 0.5 7 84 大气 Ⅱ 
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